Introduction
Acute myeloid leukemia (AML) is a malignant disorder arising through the acquisition of genetic mutations in hematopoietic stem or progenitor cells, 2 resulting in impairment of hematopoiesis and unrestrained proliferation of an immature clone. In the United States, the annual population incidence of AML in whites is 3.7 cases per 100 000 people, whereas in African Americans it is 2.9 cases per 100 000 people. 3 For a number of cancers, particularly cancers of the colon, breast, and prostate, whites have a more favorable prognosis than African Americans in the United States. [4] [5] [6] [7] [8] [9] [10] [11] The relationship between race and outcome is less clear in leukemia. African American children with acute lymphoblastic leukemia (ALL) are less likely to achieve remission and have an inferior disease-free and overall survival compared with white children with the same disease. 12, 13 One recent study from the Children's Cancer Group examined racial and ethnic differences in children with ALL and found that black children were overrepresented in high-risk characteristic groups and had a worse outcome compared with white children. 14 Although data concerning incidence and outcome in AML according to race or ethnic group are sparse, Latinos appear to have a higher prevalence of one of the better-risk subtypes, acute promyelocytic leukemia (APL) (French-American-British [FAB] classification M3). [15] [16] [17] It is unclear whether racial differences in subtypes and outcome in leukemia result from environmental or cultural influences, 17 differences in genetics, or variability in reporting at diagnosis and/or follow-up. 14 Surveillance, Epidemiology, and End Result (SEER) Program data indicate that the age-adjusted mortality rate for AML is slightly higher in whites compared with African Americans (2.5 versus 2.0 per 100 000 US population). 3 The age adjustment is important, as whites are diagnosed at a median of 67 years, while the median for African Americans is 60 years. It is not known whether AML-specific mortality differences between the 2 races exist nationwide. 18 In addition, racespecific death rates do not control for other prognostic factors, including cytogenetics and AML subtype.
Disparate cancer outcomes between races often are attributed to differential access to care, varying treatment aggressiveness and compliance, and biologic variability. 5, 6, 8, 11, 13, [19] [20] [21] Even if differential access to care and treatment aggressiveness are eliminated as potential confounders in describing racial differences in outcome for AML (as should occur within a cooperative group study), biologic variability may still play a role. 22, 23 Using data from Cancer and Leukemia Group B (CALGB) AML studies initiated from 1985 to 1997, we compared baseline prognostic factors, treatment-related complications, and outcome in African American and white patients receiving similar therapy for AML.
Patients, materials, and methods

Study population
We conducted a retrospective cross-sectional study of 2570 patients with de novo AML who were eligible to receive intensive chemotherapy as part of 1 of 7 CALGB studies: CALGB 8525, 8923, 9022, 9222, 9420, and 9621, and the initial 120 patients of CALGB 9720, the only study that allowed patients with prior myelodysplastic syndrome (MDS) or patients who had received prior cytotoxic chemotherapy to be included. [24] [25] [26] [27] [28] [29] [30] [31] Patients identified their own race, and those who were classified as being neither white nor African American (221 patients) were excluded from our analyses. Patients with APL were included in CALGB 8525, 9022, 9222, and the majority of the enrollment period for 8923, but excluded from the other, more recent studies.
Treatment and clinical data
Patients were treated with the use of protocol guidelines for study entry, treatment compliance, and therapy. Induction therapy included cytarabine (Ara-C) and daunorubicin; patients in some studies also received etoposide (VP-16) as a third agent. Postremission therapy varied by protocol (Table  1) . Clinical data collected at the CALGB Statistical Center (Durham, NC) on most patients included age; sex; CALGB performance status; evidence of extramedullary leukemia; baseline complete blood counts; FAB type; immunophenotype (available on 554 patients [22%]); number of induction courses; response to induction; complete remission (CR) rates (which followed accepted criteria) 32 ; disease-free survival (DFS) (defined as the interval from attainment of a CR or randomization to postremission therapy to the date of relapse, the date of death from any cause, or the date the patient was last known to be in remission); and overall survival (OS), which included patients who did not attain a CR. Median follow-up time for patients was 7.3 years (interquartile range, 3.0-10.4 years).
Cytogenetic data
Centrally reviewed cytogenetic data were available on 1580 patients (61%) in the study sample who were enrolled on CALGB 8461, a prospective cytogenetics study initiated in 1984. 33 Specimens were obtained at diagnosis from all patients and were processed with the use of unstimulated short-term cultures, a direct method, or both. G-banding was usually done, although Q-banding was also acceptable. At least 20 marrow metaphase cells were analyzed in patients designated as having a normal karyotype.
Cytogenetic risk groups were classified by the schema developed by CALGB for overall survival, 33 as follows: favorable risk cytogenetics included t(8;21), inv(16), or t(16;16); intermediate risk cytogenetics included a normal karyotype, del (9q), ϪY, del(5q), loss of 7q, t(9;11), ϩ11, del(11q), abn(12p), ϩ13, del(20q), and ϩ21. Unfavorable cytogenetics included complex (3 or more abnormalities) karyotypes, inv(3) or t(3;3), t(6;9), t(6;11), Ϫ7, ϩ8, and t(11;19)(q23;p13.1). Of the 1580 patients, 89 individuals with t(15;17) (indicative of APL) or t(9;22) (suggestive of the blastic phase of chronic myelogenous leukemia) were analyzed separately, as these were thought to represent distinct AML subtypes. An additional 108 patients with karyotypes that included single nonrecurring structural abnormalities, or cytogenetic abnormalities that were found in fewer than 5 patients, were also excluded from the cytogenetic risk stratification, leaving 1383 patients stratified into 1 of the 3 cytogenetic risk groups.
Immunophenotyping was performed by multiparameter flow cytometry, as previously described. 34 
Statistical analysis
Descriptive statistics, including proportions, medians, and 5-year time-toevent probabilities, were used to summarize the distribution of variables within subgroups. The Fisher exact test was used to describe the associations in 2 ϫ 2 and 2 ϫ 3 contingency tables. Kaplan-Meier plots 35 and the log-rank test were used to examine difference in overall survival and DFS. The proportional hazards model was used to model both OS and DFS as a function of demographic, clinical, and cytogenetic risk group (ie, the 3-level variable described in Table 4 ). Likewise, the logistic regression model was used to model CR rate as a function of this same set of variables.
Our major interest was race differences in prognostic factors and clinical outcomes; this focus was narrowed when large clinical differences between African American men and others emerged. The covariates used in the tests of African American male effects included age, M3 status, white blood cell (WBC) count, and cytogenetic risk group. As slightly more than 1000 patients did not have cytogenetic information, we first controlled only for age, M3 status, and WBC count. Then cytogenetic risk group was added to the model, and we observed if there was any change in the race or African American male regression coefficient. As the addition of cytogenetic risk group had minimal impact on the regression coefficient, or the regression coefficient became even larger, covariate-adjusted results are reported for the control of only age, M3, and WBC count. Controlling for individual cytogenetic abnormalities had no impact on the association between race/sex and the clinical endpoints. A 2-sided alpha level of 0.05 was used for all tests; as a large number of tests were performed, those of borderline significance should be interpreted with caution. Statistical analyses were performed at the CALGB Statistical Center.
Results
Clinical and biologic characteristics at study entry
Of the 2570 patients included in our analysis, 270 (10.5%) were African American and 2300 (89.5%) were white. The distribution of patients by study is summarized in Table 1 . There were no significant differences in the percentage of African American men and women represented in each study.
Overall, baseline characteristics were similar in the 2 groups (Table 2) . However, African Americans were younger, with a median age of 48 years compared with 54 years for whites (P Ͻ .001), and were more likely to be female (58% versus 46%, P Ͻ .001). African Americans also had more leukemic involvement of the central nervous system (CNS) at diagnosis (2% versus 1%, P ϭ .04), but were less likely to have skin involvement (4% versus 8%, P ϭ .02) than whites.
The FAB classification at study entry also differed between races (P ϭ .04). African Americans were more likely than whites to have a diagnosis of M3 (acute promyelocytic) leukemia (11% versus 6%, P ϭ .003), but less likely to have a diagnosis of M5 (monocytic) leukemia, with a trend toward significance (7% versus 11%, P ϭ .06). These differences persisted when age was controlled for.
Flow cytometry data were available for 62 African Americans (23%) and 492 whites (21%). Human leukocyte antigen DR (HLA-DR) was expressed on myeloblasts from African Americans less frequently than on blasts from whites (73% versus 85%, P ϭ .02), as would be expected from the FAB classification data. Other cell surface antigen expression was similar in the 2 groups.
Baseline cytogenetic data were available for 168 African Americans (62%) and 1412 whites (61%) ( For personal use only. on May 25, 2017 . by guest www.bloodjournal.org From translocation associated with APL (8.3% versus 4.7%, respectively, P ϭ .06) and a t(9;22) (1.8% versus 0.4%, P ϭ .06), though numbers were small. There were 1383 patients (141 African Americans and 1242 whites) who were classifiable into favorable, intermediate, or unfavorable cytogenetic risk score groups. African Americans had significantly different cytogenetic risk group distributions than whites (P Ͻ .001): they were more commonly classified in the favorable (23% versus 14%) and unfavorable (31% versus 23%) risk groups, and less commonly classified in the intermediate group (47% versus 63%). Table 4 shows cytogenetic abnormalities for the 1383 patients classified into 1 of the 3 risk groups. African Americans were more likely than whites to have the favorable t(8;21) (17.0% versus 5.8%, P Ͻ .0001). Whites, on the other hand, were more likely to have a normal karyotype (51.9% versus 37.6%, P ϭ .0014). African Americans were more likely to have t(6;9) (2.1% versus 0.6%, P ϭ .07) and t(6;11) (2.8% versus 0.6%, P ϭ .02), both unfavorable cytogenetic abnormalities. There was no difference in the distribution of cytogenetic abnormalities between African American men and women.
Clinical outcome
African American and white AML patients received a similar number of courses of remission induction therapy (Table 5 ) and had similar treatment-related mortality rates (18% for whites and 16% for African Americans), which did not differ by sex. Induction toxicity did not differ in the 2 races. Whites were more likely to have grade 3 or 4 anemia, however (P ϭ .03).
African American men had a significantly lower CR rate than all other patients when age, M3, and WBC count are controlled for (P ϭ .001). African American men had a CR rate of 54% (n ϭ 114) as compared with the much higher CR rates of 64% (n ϭ 1233) for white men, 65% (n ϭ 1067) for white women, and 70% (n ϭ 156) (11) 26 (7) 21 (10) 53 (13) 9 (9) 39 (11) For personal use only. on May 25, 2017 . by guest www.bloodjournal.org From for African American women. Differences persisted when cytogenetic risk group is controlled for.
While there was a significant difference between the races in OS when age, M3, and WBC count are controlled for (P ϭ .009), this difference was due almost entirely to the poorer survival of African American men compared with all other patients (P ϭ .004). Figure  1 shows Kaplan-Meier curves demonstrating survival by race and sex, and predicted survival curves after age, M3, and WBC count are controlled for. There was also a small, but significant difference between the races in DFS (P ϭ .02). Controlling for cytogenetic risk group had negligible impact on OS or DFS.
Survival within subgroups favored whites. Within FAB subgroups, this survival difference was statistically significant only within the M4 subtype of AML, for which African Americans had a median survival of 0.8 years, compared with the 1.3 year median survival for whites (P ϭ .004). Within cytogenetic risk groups, African Americans with favorable cytogenetics had a median .61
Number of patients tested were as follows: whites, n ϭ 1242; African Americans, n ϭ 141; total, n ϭ 1383. Abnormalities are ordered in this table according to the way in which they were used to form cytogenetic risk groups. Percentages do not sum up to 100% because patients could have more than one abnormality. 42) . Similar patterns were found in those with intermediate (1.0 versus 1.3 years, P ϭ .10) and unfavorable (0.3 versus 0.6 years, P ϭ .96) risk cytogenetic cohorts. Looking at specific cytogenetic abnormalities within cytogenetic subgroups shows that African Americans with a t(15;17) lived a median of 2.1 years, compared with 2.4 years for whites (P ϭ .73), while those with a t(8;21) survived a median of 3.1 years, compared with 5.1 years for whites (P ϭ .89). African Americans with complex karyotypes had a dismal survival (a median of 0.2 years), but survival was also quite poor for whites (a median of 0.5 years, P ϭ .31).
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Discussion
Patients with AML receive similar treatment regimens consisting of an anthracycline or anthracenedione and cytarabine, regardless of race. In general, modifications to this therapy are introduced under the following circumstances: (1) patients with an advanced age or poor health or multiple comorbidities may choose nonintensive or palliative therapy; (2) patients with the FAB subtype M3 AML, associated with the t (15;17) , now receive additional all-trans retinoic acid; or (3) in patients with a particularly poor prognosis, a hematopoietic stem cell transplantation (SCT) may be considered, age and health permitting, once remission is achieved. The results of our study indicate that African Americans, particularly African American men, are more likely than whites to fall into the latter category and that African Americans have worse overall survival than whites when the 2 groups were given similar initial therapies.
We pooled data from 7 CALGB AML treatment studies conducted over 14 years to compare African American and white patients with respect to prognostic variables and outcome. African Americans represented 10.5% of study patients, a number that approaches the proportion of African Americans 18 years or older in the United States, 11.4%, as determined by US Census Bureau data. 37 Prognostic variables differed in the 2 groups. The percentage of African Americans with the favorable FAB subtype M3 AML (APL) was almost twice that of whites (and correlated to the percentage with a t (15;17) ). African Americans also were 3 times as likely to have the favorable-risk t (8;21) . Whites, on the other hand, were more likely to have a normal karyotype (51.9% of cytogenetic findings, compared with only 37.5% of findings in African Americans). The explanation for this difference is not apparent. Patients with APL were excluded from the more contemporary studies (as the use of differentiation agents became standard practice) and may have been overrepresented in earlier studies (which excluded patients with antecedent MDS, which rarely precedes APL). Thus, the prevalence of APL in this study (6.8%) cannot be thought of as representative of the population, and rates in each race may have been skewed. It is also possible that African Americans with favorable morphology, such as the FAB subtype M3 AML, were preferentially referred to CALGB study sites for therapy. African Americans with "nonnormal" cytogenetics may have more environmental exposures that predispose them to cancer and bone marrow stem cell disorders compared with whites. 38, 39 This may account for the increased incidence of unfavorable cytogenetics in this group, which occurs in pediatric ALL. 40 There For personal use only. on May 25, 2017 . by guest www.bloodjournal.org From may also be a genetic predisposition to certain favorable chromosomal rearrangements.
Perhaps more importantly, a new prognostic variable emerged. In both unadjusted and adjusted analyses, African American men had lower rates of complete remission and overall survival than any other group. This difference cannot be explained by other prognostic factors, which were controlled for; by treatment-related toxicities, which were similar in both ethnic groups; or by differences in therapies, as all patients were treated on CALGB trials and received a similar number of remission induction courses. While it is possible that African American men did not receive similar postremission therapy (eg, they may not have undergone an SCT owing to lack of a donor, as unrelated donors are less common in this population), 41, 42 their CR rates also were significantly lower than those in any other group, which would predict for a worse survival regardless of postremission therapy. Information regarding SCT following CR1 or in first relapse was not routinely collected. However, the number of patients who underwent an SCT in CR1 was small, as few patients were removed from these treatment trials to undergo an SCT, and this procedure would have been highly unlikely in studies focusing on AML in older adults (CALGB studies 8923, 9420, and 9720). Moreover, where such SCT information was collected, we would be concerned about systematic information bias. This finding of a worse outcome in African American men with AML is similar to what has been found in studies of men with colon cancer 43, 44 and may be due to biologic heterogeneity and/or differential drug metabolism and variable efficacy, as would occur with myeloblast expression of MDR1 or an FLT3 internal tandem duplication, and merits further study.
This study has several potential limitations. It is a cooperative group study involving patients who qualified for clinical trials, who were on average younger than the median age at AML diagnosis in the United States, and were less likely to have antecedent MDS or to have therapy-related AML. Thus, these results may not be generalizable to the entire population of patients with AML. One key advantage of this design is the assurance that virtually every patient received identical initial therapy; thus, the study controls for therapy intensity as a potential confounder. In addition, we did not have data regarding socioeconomic status, and thus could not evaluate this known risk factor for poor outcome in patients with cancer. 5, 45 One future direction would involve performing a population-based study, enabling prospective comparisons of patients of different races, complete follow-up, and testing the generalizability of information about patients enrolled in cooperative group studies. This would allow enhanced examination of racial differences in older patients, and in patients with antecedent stem cell disorders or treatment-related AML.
In conclusion, African Americans and whites with AML differ with respect to some important prognostic factors. African American men have worse CR rates and overall survival than whites and African American women. These findings support more research concerning the specific biologic features as well as the development of novel therapeutic approaches in African American men, who should be considered a poor risk group. In addition, it should be recognized that African Americans are more likely than whites to present with good-risk AML (including APL or AML with a t (8;21) ), and appropriate therapy should be initiated early. Future population-based studies should try to define these racial differences further by prospectively focusing on differential environmental exposure rates; differences in drug metabolism and bioavailability; and rates of therapy compliance, toxicities, and access to remission induction and postremission therapy, including SCT.
